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MACHINE TRANSLATIONs ITS PAST, PRESENT AND FUTURE

I, Vhy should we have Machine Translation?

One of the great concerns of American science is how to keep up
with the secientific accomplishments in countries where language barriers
may prevent the direct evaluation of the scientific literature. Americsn
scientists are not known for their linguistic prowess, so they must depend
on those few quslified linguist-sclentists Vo interpret foreign language
materials into usable forme In the case of the Russian language materiais,
the output of seientifie writing smounts to 300,000,000 words per years

The distribution of these words is as £ollcumy

Chemistry 26,000,000 words/year
Physico=Mathematicel

Seiences 80,000,000 words/year
Biosciences 11,000,000 words/year
Geclogy and

Geography 17,000,000 words/year (jma‘l. articles

o .

Other seiences 136,000,000 words/year

The above cited statistics were accumilated from the 1958 issues
of KNIZHNAYA LETOPIS' (Book Annals) and LETOPIS! ZHURNAL'NYXH STATEI (Annals .
of Journal Articles). One is shocked by the fact that less than 2% of the
current Russien technical output is now being exploited in any way, 1.e.,
translated, abatracted, extracted or summarized, kith the removal of the
burden of translation chores from the shoulders of the limited reservoir
of technical linguists in the United States by the operatiomal capability
of machine translation, the time now spent in this endeavor can be re-
&llocated to scanning of almost the total Russian language output to
identify what is worth translating then turning the actusal translation
problem over to the mschine. When we realize that the average technical
linguist can tranglate only about 2600 words a day and the machine can
and has handled 3400 words in 6 mimutes (translation from French to
English), the potentiality for mechine tranelation becomes obvious,

A concomitant btenefit to the United Statee which cannot be easily
evaluated will be the elimination of the excuse of the American scientist
that he needn't bother looking at the Russian language material because he
can't read it anyway, and if he does look at the sbstracting journals and
identifies an interesting paper, he will have to wait months to get a
translation mads.

II. History of Mschine Translation:

The first known references to the translation of natural langusges
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1933. These patenté refer to an automatic dictionary which was never
reduced to practice. Shortly after World War II an exchenge of corro-
spondence took place between Larren Weaver and Andrew Booth, the

Prof. lLeon E, Dostert of Georgetown University. Prof. Dostert set to
work with a minimum of finsncial suppert and the cooperation of IBM to

see whether the proposition was feasible. In January 1954 he demonstrated
for the first time 3n history the fact that translation by machine wse
possible. His demonstration was 1imited by a vocabulary of 250 worde and
81x linguistic rules. After several frustrating experiences in attempting
to interest agencies of government, in his system, Prof., Dostert received
a grant from the Central Intelligence Agency and the National Science
Foundation in June 1956, Up until June 1959 these two agencies supperted
Prof, Dostert!s worke At that time the National Science Foundation decided
that the direction of the work was belng thrust tco heavily toward operas
tional capability and not, enough toward research in linguistics, It was
therefore inappropriate for the Foundation to continue to support this
worke The CIA had an urgent need for operational capebility so the
orientation of the entire project was directed toward an early production
of translation by machine, The processing of 500,000 words of the Russian
language literature of organic chemietry resulted in s vocabulary of elmost
12,000 words - sufficient to undertake random translation of texts in the
discipline mentioned. Routines for the accumlation of vocabularies in
any desired diseipline were set Upre The work in the translation of French
language materdials in physice had simultaneously reached production
posglbilitiesa Thus, for the next grant period it was deeided to undsr~
take the translstion of 30,000,000 words of Russian aclentific literature
to establish empirically whether full-scale production was feasible, It
is at this point that the project now stands,

III. The Present Situations

In the machine translation projecis sponsored by the resesrch
components of the military services and the National Seience Foundation,
the work may be categorized into three groupe. Some of the principsl
researchers have gtated publicly that they are doing research in lipe
guistics without the immediate aim of accomplishing production transla-
tions. Another group of research centers is concentrating on word-fome
word translation without concern for the information bearing content of
synteetic structure. A third group concerns itself with the construciion
of special machines for tranalation or the input to a machine translator
(automatic reading falls into this latter category)e The total conmlitment
for funds is difficult to Pin down, but according to the reported figures
applicable to machine translation research exclusive of the work on reade
ing machines but ineluding the work on translating machines, the smount
for Fiscal Year 1960 is approximatsly $2,000,000., The monies spent ovey
the past three fiscal years will average about $1,750,000 per year, It
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geens to us that with this amount spent, the governmment should nmow establish
vhether large-scale production 1s fessible. If it is sc established, and
we are certaln it will be, the coordination of continued research will
become easier and more meaningful., Thore is no question but what the United
States must continue research in all scientific fields if it is to sustain
@ pre-eminent place in the world. Machine Translation is no exception. We
sincerely hope that the results of the CIA-Georgetown University abtsmpt to
ge into production of translations by mashine will not be taken to mean that
the problem is completely solved and no further research will be necessary.
Our firm conviction is that one of the several research projects im the
field must prove operational feasibility now, and since the Georgetowm
project is generally acknowledgsd to be the furthest toward that goal, we
are prepared to carry out the final step of proof.

There 1s more concern over whether this atep should be taken than
is warranted., Some people have said that if we prove operaticnal capability,
the research money will dry up. We question the motives of such people.
toward their reseaich work. Our contention is that unless such a propesition
is carried through, the research is in jeopardy.

IV. What about the quality of machine output?

The quality of any product is the acceptance that that product
has by its consumers. There has been argument among the various centers
of research in machine translation as to who shall say when a machine
output is acceptables All of the researchers are striving for as near
perfect a product as possible. But we submit that the greatest enetiy of
progress is pexfection, If the first approximation in production<level
machine translation is acceptable to the people who are in need of such
translations, we believe that we have a useful product. Attached %o this
paper are samples of machine translation of a text selected at random and
processed by Georgetown University, Comparison between the actual machine
output and a cursory editing, or as we prefer to call it, revising job and
a translation of the same article mede by a human translator manifestly
demonstrates the quality to be expected. :

There are some who refuse to accept the machine product as &
"translation” and refer to the final revision as machine-aided, humen~
postedited translation. By the same token then translations now pro=
duced commercially and in the translation centers of government should
be called human-translated, human-postedited translations, the quality
of information transfer in which is very considerably below the machine
product. No amount of argument on our pert will ever settle the point,
howevers '

V. What about the future of machine translation?
As may be induced from the above recitation, we believe in
machine translation ag an instrument in the understanding of scientific

progress in the world without the secrifice of linguistic integrity.
The Director of Centrel Intelligence, Mr. Allen W. Dulles, in.a leiter
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to the Director of the National Seience Foundation dated 29 February
1956, said.

%It is our opinion that much iz to be gained by the early
development of a machine capability for translation, The
National Security can be well served if we have available
the scientific and technical 1iterature of the USSR in
English for detailed snalysis as early after publication

as possibles eeeo

"The objective of this research would have as its primary
aim the resolution of accurate lexical transfer between

the source language and the target language and the dewelop-
ment of & method for syntactic rearrangement in accordance
with the requirements of the structure of the target
languages Ve are sure that the addition to our understanding
of language and syntax will bée a bonus effect."

- Everything which Mr, Dulles said in this letter written four
. years ago has proven to be accurate. Much of ths concern which the
American people had over the scientific achievements of the USSR could
have been prevented had they known of the direction of research in
chemistry, astronsutics and communications contained in the openly
published literature of the USSR. Sone of the concern was false and.
generated by headline seeking Journalists or pseudo-goientists, but the
point remains valid that if the American people had available the scien-
tific litersture of the USSR in understandable form, the accomplishments
of Soviet s¢ience would not have been as alarming because we would have
knowzni of the direction of the research and the probable imminence of
successs Necessary counteractions would have been teken by instituting
research progrems in the United States %o anticlpate or predate the same
successess

The future of machine translation suggests a center to be operated
by the govermment or on behalf of tlia government where rapid, accurate trans-
lation of materials from foreign langhages to BEnglish can be accomplinhed,
One suggestion for the future might be the esteblishment of a Netional
Institute of Language Sciences using the National Institutes of Health as
the models Such &n organisation could deal with all the problems sssociated
with human commnication, Divisions in the Institute would attack the
problems of mechenical linguistics, pedagogical linguistics, cultural
linguistics, psychological linguistice and lexicology.

: The Division of Mechnical Linguistiocs would handle the probiems
of machine translation, language data processing for storage and retrieval
of information, machine abstracting, oral language interpretation by
-machine, and mathematicsl linguistics. The Division of Pedagoglcal
Linguistics would be concerned with the nathodology of language teaching,
the preparation of tesching materials for the less usuel languages, the
problem of a meta-language (or common languege), and the maintenance of
language research centers abroad. The Division of Cultural Linguistics
would have as its goal the establishment of metheds of inter<oultural
commnication, literacy programs, cultural ssmantics, and emerging
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langvage problems., In Paychological Linguistics would be studied the
relationships between languege and motivation, languege and mental
derangements, language and moral values, and the psychology of language
learning. The last division would be concerned with lexicology with
particular emphasis on the collation of scientific and technical
ternminologies, For further development of this idea, we refer you to
Prof, Leon E, Dostert whose original concept it is,

In summary then, we believe that machine translation will becoma
the usual method of transference of ideas from ome culture to another. It
is now going through some of the same types of scepticism which simaltaneouns
interpretation went through 15 years ago. Since the leading proponant of
both of these radical methods of language processing was the same man, Prof,
Dostert, the probability of success in machine translation is the same ap
has been demenstrated with similtaneoua interpretation. :
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Ammex A

Machine Translation of hussian
to English

The attached appendices wexe mede from a randomly selected
article from the Journal of General Chemiat_xz published in the
Soviet Union, ,

Appendix 1 -~ The originel Russian article,
Appendix 2 o ‘The actual machine output.

Appendix 3 « The revised machine output as we would
) expect 1o publish such products,

Appendix L « The control translation for comparison
with the machine outpute.
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KATAAUTHUYECKOE AAKUMAMPOBAHME GEHOAA
METHAOBBIM CITHPTOM

H. H. Camconosa

Ki\TaAIITH‘lecKUMy GAKMANPOBAHHIO (PEHOAR HTOPHUHLIME W TPCTHYHDIMY
cunprani pocssgen psa pador [t ITonurku KATAAHTHYCCKONO AAKHAHPO-
BaILL (CHOAA nefBHUHOIME CIHETaMU O[HBEAH K OT)HUATEABIHIM LesyabTa-
TaM[* T wap conponomaanics HEINBUUTEALHLIMI  BLixogamn [P0 [T 4
JARNARPOBANIH PenoAa MeTHAORDIM CUHPTOM RAHAYUIUHE DEIYADTATH! GBIAM
MOAYUCHDI Ha AKTHBHLOBAHNON OKiCH aaoMunna [

Hamn Gpia A3yueH NPOUCCC AAKMAMPORANMA (CUOAD MCTHAO Bbir CHip~
TOM N34 AKTHUMPOBAHIBIM NPHPOAHbBIM AAJOMOCHAMKATIIDIM  KATAAWS ATOPOM - -
PAniOf rymBpun npn ATMOCHEPHOM AGNACHHH B O6LIRON YCTauonke, npu-
MenseMolt ipy neeaegonanmn HapoPasHux KaTaARTHUCCKHX peakyui n npo-
Taduali cuerese, B pesyabrare pearynu SLIAM MOAYUCHLL WUAKHE N pano-
Obpasnme npoaversl. HMuaxnii ABYCAORILIA KOfAencar, novnmao HC  pomeg-
WUX 0 peakumio  nexopimx BCILCCTB, COACPIKAA BOAY, AAKHAWpORAHILIC
Permosm y HeliTpaAbie apoAykTIC peaxyim.

S\ BLUICHEUMA  3AUNCHMOCTH  RLIXOAA AAKMAMPONANIDIX  HPOAYRTOR oT
T[‘S!ln‘parypm HAROUACUNC KOHACHCATA AAA aHaAnda HPURIBOARAOCD npu
:[‘:;\;TT(‘-\HIC])JTHMK (350, 420 w 500°), upu MOAAPHOM  cooTnomennn (ennaa
H;ml.\nnoro cimpra 1:6 1 cxopoctd mosaun mexoanoif CMCCH,  panuoit

MA 8 uac nag 100 Ma karaamsaropa. C yucansemem TCMIICRATY iy
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2698 H. H. Camcouosa

T. 27

2 -
peakyun oT 350 zo0 500° BbIXOA 8AKHAUPOBAHHBLIX EHOAOB BOIPACTAA NOYTH

B 3 pasa u zocturar 68°, (B pacuete Ha denoam xowaencaTa), OnTHMary

Hbi# BbIXOA HEHTPAADHBIX NPOAYKTOB KOMACHCAUNH O6bIA noayvden npu 42(°
H cocraBaaa 23°, (B pacueTe Ha Becb KoHAeucat), ’

AAxuaupoBaHHble (EHOAbI. MOAVUEHHbIE TIPH TPEX HCCACAYEMLIX TeMMe-
pATYpEX, TpPEACTABAAAN COGOH CMECh MEON3BOAMBIX (CHOA, COEPKALLYIO
KpPEeaoAbl, KCHAEHOABI M 60Aee CAOKHBIE MPOAVKTH, KoAmuecTso mocaeamex
38METHO BOSPACTAAO € YBCAMUECHHEM TeMnepaTypwur peakuun. Cmeeb aaxknan-
poBaHHBIX (eHoA0B, moryucnHas nupuw 3507, coasepmara 327, o-kpesoara.
B npoaykrax aAkMAHpoBanus, moayueHHux npi 420°, YCTAHOBACHO HPHEYT-
CTBHE 0 H M-Kpe3naAd. M3 (enoAbHOR 4acTH KOMACHCATA, MOAYUEHHOPO fpn
500°, BbIAGAEHO HE3HAUMUTCABHOE KOAHYECTBO O-kpe3oAa u 3,5-iumernade-
noaa. OcHoBHas Macca (PEHOAOB, NMOAYUCHHBIX MpH BToOH TeMmuepatype, €o-
CTOAAE M3 BbICOKOKHNAIUKX CAOMKHBIX POAYKTOB aAKHAHPODAHHA.

B nefTpaAbHOR 4aCTH KOHAGHCATOH, NMOMHMO COMPTA 1 BOJIB, 0GHapy-
MKEHBI AHH30A. O-MCTHA&HH30A M rekcaMetuabensor, B HauGoabwem woan-
gyecrne (60.8"%, B pacucte Ha HeHTpaAbHOE MACAU) aHHIOA BBIA TOAYUECH
npn 420°. Maxcumarbuvt#t oeixoa rexcamerhHaGeunsoaa (14°,) moayuaercs
npu 500°. KoanuceTso o-METHAAHIB0AE BO BCEX CAY4asAX He3NAUHTCAbIOE,

3KCNEPUMEHWTAABHAA YACTD

B peﬂy}\bTaTe KﬂTB)\HTH‘IeCKOH KOHACHCAUHK q](’HO.'\ﬂ C METHAOBBIM CIIP-
TOM HAJ4 BKTHBMPOBAHHOH COAAHOH XuCAOTOfl TAHHOK-ryMOpHHOM NOAYYerhl
AByCAOHHbIE KOHAGHCATHL. BOANBIE M MAaCAAHBIH CAOM DA3BACAAANCH, OT Ka<
JKAOrO CAOA OTrONsAACA NpoayxT, kumagni 4o 1007, Macasmcrsiit octa-
ror, unaguit suime 1007, MHOPOKDATHO SKCTParmpoBaAcs 10°, NaOH.
[Toayuesubie (PENOALTE HIBAGKAAHCD FPHPOM AAR OCBOGOMACHHA OT HACTHUHO
YBAGUCHHLIX IEAOUBI0 HEHTPaABHBIX MACEA H pasiaraiuco pasbanieHnoit
H,S0,.

Tlocae Boicyumpamus 3(QUPHOro PpacTBOPa M yALACHHA BQHUPA MOAyUd-
A8Ch cMech (EHOAOB, KOTOpas 3&TeM MOABEPrarach (PpaxUitOHHpODAHKIO.
Ao 182° oTronsacs HempopearuposaBuliii QeuoA. Jaree Ha KOAOHKE (pux-
LMOHKPODAAKCE MPOMBBOAHEIE (eHoAd. (DCHOABL AHAAM3HPOBAAMCD METOAOM
apuauposanns '], Tloayuennbie KpHCTAAAKUECKHE APHATAHKOAEBEIC KHCAOTH
pasAeArsAuch Apo6HOH kpHcTaAAHsayuel.

B npouecce pa6oTsl GbIAO YCTAHOBACHO, UTO KATAAHSATOD MOCAS 18-ua-
€oBofi paGoOTBI TEPAA CHOW AKTHBHOCTH MOYTH Ha 30%,. Takas A€3aKTHBE"
UMS KATEAHSATODPA BBISBIBAETCH, BEPOATHO, OTAOKCHHAMU CMOAHCTHIX ocTat
XOB H YTAA HA €FO MOBEPXUOCTH, B PC3YAbTATE HErO TORE[ XHOCTD KATA AR
34TOPA CTAHODHTCA HEADCTYWHOH AAf pearupyloIgHX Belgecrs. Bo scex
omeITax TOCAe 6-uacopoli paboThl KATAAM3ATOP PEreHEpHpOBAACT TyTEM
NpoAyBaHHA uEPEe3 PCAKYHOHIYIO TpyOKy BOBAYXa pM Temmepatype 350°.
IMocae 18-uaconoff paboTul B PCaKUHOUHYO TpyOKky noMeyjarach CHEMmad
LHOpUHA KATaAH3ATOPA. -

HMcexoAHbIMH BEILECTBAMH CAY/KHAH cpecieperianabii BolcynieHbli pe-
HOA W NepernaHubpit MeTHA0BHIl coupT.

AAKHNANpOBAHHC TTPH 4950°. Hexoauas cmecs: 365.4 r ¢encal.
746 r metnroporo cmpta. Tlocae otaeacins nefiTpaAbHBIX IPOAYKTOB i
HCNIMEHEHHOTO q](‘ll(),\ﬂ Xl().’\y"ll’]lll 38 r qJCH()J\blll)l"() lI})()/{)'KTa SJ T.‘l‘:'ﬂnv-
182—210° 1 159 v uGHTPAABKOFD MaCAd, KHIAILCrO B rpatilax 152--250".
B [1(‘3)'.\bT£lT(‘, (p})aKg]lOHHP()H&HMH Ha K()f\()HKt‘ na (peHU/\bIl()H cMecH BDIAC
acno 11,5 ¢ ¢pakygn ¢ T KA. 187- 189 . Tloayuennas i3 4acti quar;liunj
ApPHATAHKOACRAH KICAOTQ NOCAC HCPOKPUCTAAAIIAUHN  MMCAD T TA. 135 -
182 . 4TO COOTHCTCTBYET TEMICPATYPC UAABACHIA 0-KpEINKeHyRC Y CHOR K
CcAOTBE (110 ANTCpATYpPHbIN AAHHBINM, 152,

Ha Hcﬁ'rpa}\b:‘.
1) Aunroa
H:\i’ﬁ:uo: M 10
2 o-MeTwu;
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) Fexcawm
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Haiixeno: M 1t

T azoobpasHb
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Karaxntiueckoe aAKHAKPOBaHHE IPEHOAA MCTHAODLIM Llllilpro”»

[ 170

# TO MACA& MBIACAGHBI .
%S;S{HTEZA:H(Z&S o) T okwm 155°, 2P 1.5162, 47 0.9884.

Haiigeno: 3 108, 109.5. C;H.O. Briuncaeno: M 108,

2) o-Meruaanunsoa (11 r): 7. k. 170—172°, 03" 1.5190, i 0.9850.

Hasiaeno: M 122, 125, C.H,,0. Buuncaeno: M 1)22. )

3) TekcameTuabeunsonr (4.8 r)— arnuupe wraw, T. uwa. 164—166°
{up AMTEPATYPHBIM A&HHBIM, 166°).

Haiiaeno: M 161, 165. C,H,,. Buuncaeno: M 162.

Tasoobpasuvie npoayktsl peakyuuu coaepxaru 12.4%, H,. 329, CO,,
1087, CO, 9.2% C,Hy. ‘
Aarxuanponanne upu 420°. Mcexoanan cmecn: 305 r (peHoa,
623 r metHAoBOro cnupra. llocae oraeaenns HCHTPAAbHBIX MPOAYKTOB o
HEHIMEHEHHOTO QeHoAa noryveno 36 r Qenoabwo#t cmecnm ¢ T. wum. 182 -
224°. B peayabraTe (paKkUHOHUPODAHMS CMECH BBILGACHD! ABE (pparpuy,
B KOTOPBIX A0K232HO NPHCYTCTBHE HIOMEPHEIX Kpe30Aos, (Dpaxuun 189—191°
(6 r) cosepara o-kpesoa. Temnepatypa nAaapreHss HOAYYEHHOHK  apUATAH-
k0aeBofl kucaorsr 151—152° (o AurepaTypunim  saHHDIM, 152°). Mpaxyua
200 -203° (2.8 1) codepara s-xpesoa. Temuepatypa naapAenis APHATAR-
koaenoft gkucaorer 1000 -103°, aro COOTBETCTBYET TEMOEPATYPE NAABAEHHS
HFEPCIOKCHYKCYCHOH KuCAOTH (MO AnTepaTypHbiM Aanumim, 1039),
Hecreqonanne nefitpaavioro macaa (128 r) MOKA3aA0, YTO B HEM CO-
acpates anusor (62 r), o-mernaamusor (7.5 1) u rexcamersaGenson (7 r).
ArknAauposaune npu . Hcxoamas cmeen: 305 ¢ theuoaa,
623 r meturonoro cumpra. [locae npeanapureApbHol o6paboTkn xowAeHcaTa
noayueno 105.5 r cmecn arkMAnpoBaHHEIX NPOHIBOAHBIX PCHOAR € T. KHI.
i 182—233° u 12 r denoron ¢ 1. kun. surme 233°, B PE3yAbTAaTE AHAAHSE PEHOAD-
BACHHOH not cuecn 6b].7h') YCTAHODAEHO HpHCyTCTBHC HE3HAYHTEABHOIO KOAaHuecCcTBA
0KPe30Aa  (TEMHEPATYPA NAADAGHHS NOAyHeHHOH 0-KPE3OKCHYKCYCHOR KHC-
noAyua- _rote 151—152%) u 3,5-aumeturenora (remmeparypa naraprenys HOAYHEH-
HOH apHArAMKOAEBOH KHCAGTHI 84—86°).
Hetirparbnoe macao (88 r) coaepxaro anuson (28.5 r), O-METHARHH-
30A (7 1) u rekcameTHAGeHsoA (14.2 r).

Boeoam

Cuecs metuaosoro cnupra ¢ denorom mpu 320 -500° wag TIPHPOARBIM
A AOMOCHARKATHBIM KaTaAH3aTOPOM — PAMROK-ryMOpuH  oGpasyer BAKHAKHPO-
SRHHBIE MPONAROANBIE peHOAR # HEHTFaAbHBIE NPOAYKTH, BEIAEACHB O- U M-
peaor . 3,5-anvermagenonr. He#irparpivie APOAYKTH PEAKIHM COAEDPHAT
G304, 0-MCTHAGHHIOA I PeKCAMETHAGEH3OA.
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AMOUNT O=METILANIZOLA IN ALL CASES INSIGNIFICANTe

AN EXPERIMENTAL PART

AS A RESULT OF CATALYTIC CONUENSATION WITH METHYL ALCOHOL OVER ACTIVATED
HMVBRACHLORIC ACID BY A GUMbRIN LAY TrcY ARe QdTﬁiNEU TWO~LAY§RED CONDENSATES
AAJEAIS AND OTLY LAYERS RAZDuLALLs rour cALh LAYER TrErRE WAS DISTILLED &
PRORATs #HICH ROILS UP TU 100¢. THE OILY AzSioUcs wmiCHa gOILS ArOVE L0002
DCOFLTEN WRRE FXTRACTED 1U% NG2OFe  CoTALNZU PRiNdLATES 4o id EXTRaCTEC wlTH
cTucs £ap L TREDATTON FROAM PARTIALLY TNVOLVED BY THiE ALKALIL Or MzUTGAL OILS AN
ACAAMDACER NTLUITEN H#FISOEL,

ACTET THE N2YING NF At ETHER AN YTION A
wae ARTAINED A& MIXT R T T Gal W SRR T A
1 =~ 1ooA TEREDE wpC OISTILLEL L= L ALTED rmiile

S ACTIONATE Y o PVAT Ve S T AL ) per LS W

SETuAy ARt TRAYANTL f/18/ /e TETAINES CRYSTrLL . ¢ wmYlob ailis
EdACTIANAL =Y CRYSTALLLIZ~ 110N

TN TuE DROCFLL OF GORY
SAPvS LAST 1T ACTIVITY ALAUST un 303 QUL D el I eT o
FAaticE™ . DONRAPL Y, L T LePNe TS O~ E LIRS
cmEArE, £6 A BESLT WHEICH Tein Slidrhcn UTom CAaTLLYAT srcusthn InaCCESHI
BEAFTTNA CURSTANCF 4 PhooeLb FAPrRIMENTH Arlzor o=unan IV ke s CATAL
scecrEnATEN By Ry MIANS OF PURGI M- TARNULS T AL VLon Tuan OF ALS
rcuc;n»THEF a5m, AFTER 1R=CASUVLY Ur Aok TwTa A KeACT LN TURS WAS
TUFE FRFQn PORTION OF A CATALYST

3y THE 1NITIAL SUASTANCES ThERt SERVEL FreSeLY DISTILLED Ditd RHE R

NTRTTLLED METAYL ALCOAOLe

A ALKYLATION AT 3508 The INITIAL MiIX1UREee 365¢4 G UF PHERCT Y ==

METUVY. ALCOROL . AFTER THF SEPARATION OF THE e UTRAL ProDJCTS AND UNTHANGED
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AV CLVANLTE ACTR 100 = 1027y MITH FARPTLPOND THE TEvrexATUxe OF THE MELTIN@L
AE & MerDECAYVACETTE ACED JACOTNDINT TO LITERATURE GIVEHy 1038/

TUE TMUFSTIGATIAN A- 4 Mru1Bal 0IL /128 &/ SHOWEDS THAT IN A IT
annER 1TTRL A ANTSALE /&2 G/ NeETTLANIZNL /e
G/

A ALKYLATION AT 500, Tm- 1NITieb MIXTURE s 305 G OF PHENOLs 623 G 9F
METHN L AL COHNL .
188,58 = AF A MIXTUPE SL¥YLATED DFRIVATIV: 0 PacMNOL WITH Te BOILING 182 77233@
AMM 17 G AE PHENOLS WITH T. PCILIAC AsUVL 2338, 4% & eSULT OF THE ANALYSIS

AE A DWENALTC MIXTUSF wWAS =STA=LISHFL THE PRoSuiCo OF AN INSTONIFICANT AMOUNT

AE & A=CRESHL /THE wELTTNG BT+ T wHlCH 445 ORTAINED D=<REZOKSTUKSUSNOL ACIDS
&1 — 1852/ AN OF A 335=01-ETHYLr- -nCL /THe v=LTING POINT W OF THE OBTAINED |
ABDYLGLYCOLTIC ACID R4 = LEE/,

A MFUTRAL OIL /RR G/ CurTalpcw A ANISULE /72843 G/ O="ETILANIZOL /7 G/
AND £ HEXAMETHYL3cNzoMe /1642 G/

CONCILLUSTONS

A MIXTURFE NF WETHYL ALCORAL wlik PHENOL AT 320 = 500® UVEx A NATURAL
A_VMOGTLTCATE CATALYST = 3Y A QUMERIN CLAY IT -DORMS ALKYLATEC DERIVATIVE OF
PUFMFL ANR NMEYTRAL PRODUCTS, WER:T [SCLAaTRw O= wh) M=KREZOL AND A
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The Catalytic Alkylation of Phenol
by Methyl Alcchol

I. N. Samsonov
Machine Translaticn revised by Paul W. Howerton

A series of works was dedicated to the catalytic alkylation of phenol
by secondary and tertiary alcohols {1-8). Attempts of catalytic alkylation
of pherol by aleohols led to negative results (2,3,9) or they were accompanied
by insignificant yields (10-13). For the alkylation of phenol by wethyl
alrohol, best results were obtained on the activated oxides of aluminum (14).
We studied the process of alkylation of phenol by methyl slcohol cver
activated patural alumnosilicste as catalyst - gumbrin clay - at atmoapheric
pressure in the usual apparatus used for the investigation of vapor phase
catalytic reactions in a circulating system. As a result of the resction,
there were obtained liquid and gaseous products. A two-layered liquid
condensate, besides the starting substances which did not eater into the
reaction, contained water, alkylated phenols and neutral reaction products.
For clarification of the relations of the yield of the alkylated products
with tesperature, an accumnlation of ccondensate for analysis was carried out
at 3 temperatures (350, 420, and 500°), at & molar ration of phencl to methyl
alcohol of 1-6, and at a feed rate of the initial mixture equal to 8-10 ml.
per hour over 100 ml. of the catalyst. With an increase of reaction temperature
from 350 to 50009, the yield of the alkylated phencls increased almost 3 times
and smounted to 68% {based on the phenols in the condensate). The highest
yieid of the neutral condensation products was cbtained at 4200 and constituted

23% {ovesed on total condensate).
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Alkylated phenols, which were obtained st the 3 temperatures, represented
a mixture of derivatives of phenol containing cresols, xylenols anl more
complex products. The amount of the latter noticeably increased with an
i{ncrease in reaction temperature. A mixture of alkylated phenols obtained ab
350° contained 32% o-cresol. From the products of theslkylation obtainec at
L20°, the presence of o- and m-cresol vas established. From the phenolic parts
of the sondensate cbtained at 500°, an insignificant amount of o-cresoi »nd
3,9~d4imethylphenol was isolated. The basic mass of the phenols, which w&s
obtained at this temperature, consisted of the high-boiling complex producss of
the alkylstion.

In the neutral parts of the condensates, besides alcohol, anisole,
o-methylanisole and bexamethylbenzene were discovered. The marximum guastity
{60.8%-based on the neutral oil) of anisole was obtained at 420°. The weximum
yield of the bexamethylbenzene {14%) is obtained at 5000. The amount of
o-methylanisole was in sll cases insignificant.

The Experimental Part

As a result of catalytic condensation of phenol with methyl alceonel over
gumbrin clay activeted by hydrochloric acid, two-layered condensetes were
obtained. The agueous and oily layers were separated and from each layer
a product was distilled which boils up to 100°. The oily residues which boil
above 100° were extracted repeatedly with 10% NeOH. The obtained phenclstes
vere extracted with ether for liberation from neutral oils partially occludsd
by the alkali and vashed with dilute u280h°

After drying the ether solution and removal of the ether, thers wus

obtained a mixture of phenols which then was subjected to fractionation.
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Up to 182° the non-reacted phenol was distilled. Then the derivatives of
phenol were fractionated. The phenols were analyzed by the arylation
method (15). The obtained crystalline arylglycolic acids were separated by
fracticnal crystallization.

In the course of the work, it was established that s catalyst after
18 hours of operation lost slmost 30% of its activity. Such desctivation
.of & catalyst 1s probably caused by the deposits of the tarry residues and
carbon on its surface; as & result of which the catalyst becomes inaccessnitie
‘to the reacting substances. In all experimants, after 6 hours of operation,
the catalyst was regenerated by blowing air through the reaction tube at. .
350°.  After 18 hours of cperation, a fresh i:ortion of catalyst was placed
into the resction tube.

As starting meterials, freshly dietilled, dried phenol and distilied
nethyl alcohol vere used.

Alkylation at 350°. The initial mixture...365.4 g. of phenol, Th6 g.
of methyl alcohol. ATter the separation of the neutral products and unchanged
phenol; 38 g. of phenolic product were obtained with b.p. 182-210° aud 1%9 g.
of a neutral oil which boils between 152-250°. As a result of fractionatiocn
from the phenollc mixture 11.5 g. of a fraction were isolated with b.p. 147-189°.
Arylglycolic acid was obtained from parts of the fraction after recrystallization
with m.p. 151-152° which corresponds to the m.p. of o-cresoxyacetic acid
{according to the literature - 1520).

From the neutral oil there were isolated:

1) Anisole (48.5 g.)..b.p. 155°, 228 1n5162.d29 0.9684

Found M.W. 108, 109.5. C,’_Ha . Calculated K.w. 108
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20 20
2) o-Methylanisole (11 g.)..b.p. 170-172°% n D 1.5190, d 4 0.985¢

Found M. W. 122, 125. CBKlOO. Calculated M. W. 122

3) Hexemethylvenzene (4.8 g.)..long needles m.p. 164-166°
{according to the literature - 166°)

Found M.W. 161, 165. Cy B g Calculated M.W. 162.

Gaseous reaction products contained 12.4% 82 s 32% CO,, 10.8% o,

9.2% cnaén.

Alkylation at 420°. The initial mixture..305 g. of phenol, 623 g.
of methyl aslcchol. After the separation of the neutrel products and unchsnged
phenol, 36 g. of s phenolic mixture were obtaipned with b.p. 182-224°., Az &
result of the I'ractionation of the mixture, two fractians were isclated in
which was shown the presence of isomeric cresols. A fraction 189-191° (6 gz.)
containedthe o-cresol. The meltirg point of the obtained arylglycolic acid
was 151-152° (according to the literature - 1520). A fraction 200-203° (2.8 g.)
contained m-cresol. The melting point of the arylglycolic acid was 100-103°
vhich corresponds to the m.p. of m-cresoxyacetic acid (according to the literature
- 103°9).

The investigation of the nentral oil (128 g.) showed that it contained
anisole (62.3.) » o-methylanisole (7.5 g.) and hexamethylbenzene (7 g...

Alkylation at 500°. The initial mixture..305 g. of phenol, 623 g.
of methyl alcohol. After preliminary treatment of the condensate, 105.5 g.
of a mixture of alkylated derivatives of phencl were obtained with b.p. 182-233°
and 12 g. of phenqls with b.p. above 233°. As a result of the analysis of the
phenolic mixture, the presence of an insignificant amount of o-cresol was
established (the m.p.of the obtained o-cresoxyacetic acid 151-152°) and of

3,5-dimethylphenocl {the m.p. of the cbiained arylglycolic acid - 84-862).
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A neutral oil (88 g.) contained anisole (28.5 g.), o-methylaniscle
(7 g.) and hexamethylbenzene (14.2 g.).

Conclusiocns

A mixture of methyl alcohol with phenol at 320-500° over (a natural.
alumnosilicate catalyst - a gumbrin clsy - forms elkylated derivatives of
phenol and neutral products. O- and m-cresols and 3,5-dimethylphenol were
isolated. The neutral reaction products contain snisole, o-methylaniscie

and hexsmethylbenzene.

{References not revised)
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,":,fﬁ}ﬂgﬁﬁ Al lzi&‘?“i-@n of Phenol
Eﬁ e }ﬁ\.}g Algﬁ}m,}

o W Lamsonnve
Translatad Prom the Huseian

y faunl W, Howerton

A sarieg of works huwe bews dewsted tn the satalytic »lyletion of phenol
with sm;mﬂﬁrf;r and tertiary sicohais {1-8). Attewpts at vatalytie alikylation
of phenol with primry alooheis Led to negutive rasulits {3 3.9}, or resulied

in inslenificent yislde {10-11). For tha zikylation of phensl with wethyl
sioohol, the best resuits wers hteined on &ebfvebed alumivum oxide J1h0

He studied the mrocess of the aikviation of phencl with methel almshol
ovEr an sotiveted naturel alumaiilonts catalyet - guebrin olay - ot stmoes.
pherie pregsure in thw usws? w:wpérﬁtua ussd for investigation of wapor phasge
satalytic resctions fw & eirmilating svatam. 85 & resuit of the rawetiom,
Liguld and gesesus praducts ware abtadmed The Tiandd, & tws-levered condene
eite, tegides wnreacted starting witariaie, sontsined water sikvlisted phennle
gl Loart reaction wrotuots,

To deternine the dependence of the risld »¥ alkylated produets nn Lomper-
Bhure, a6 pcoumalation of comdensate for analysis wes produced st thres ‘am-
peratures {350, L20 amd s009; » 2t 2 mole retily of phensl ard welhyl sleohn? of
Led and rats of fesd of the storting aixtore equel to B-10 mi PET BOUE owver
OO ml. of estalyet, With an Yroreass of waaetion tampers Lare From 500 4o
o0 the ¥isld of elkyiated phencls ivwreassd simyst 1 times sl renched SRE
{bamsd on The phenols of Lhe sondensate) . The cptimum vield of Ynart sondep-
sation prodngts wes obteined =2 190% ot amemted G 53 7 tased on the wveipht

¥ the covdensalie’ .
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The alkylated phenole obtained at the three investigated temperatures
were & mixture of phenol derivatives contalning cresols, xylencls and more
complex products. The quantity of the latter incressed markedly with
insressed reaction temperature. The mixture of alkylated phencls obtained at
350° contained 32% o-cresol. In the alkylation products obtained at 1202,
ths presense of o~ and m-crescl vas estsblished. From the phemolic part of
the comdensate obtained at S00%, & smell quantity of o-cresol and 3,5-dimethyl-
phenol was isolsted. The bulk of the phenols cbteined at this tomperatury
consisted of high-boiling complex alkylation products.

In the inert part of the condensates, besides aloohol and water, anisole,
o~wethylsniscle and hexamethylbenzene were found. Anisole was obtained im
greatest quantity at L20% (60.8% besed on the inert ofl). The maximom yleld
of hexamethylbenzene (iL%) wes obtsined at 500°. The quantity of o-methylani-
gole in all cases was smali.

ﬁxﬁa@imntal Part

Aa a result of the satalytie condemsation of phenol with methyl alcohol
over hwdrochlx:ﬂa acid activated gumbrin clay, two-layered condensctes were
cbtained. The zqueous ami oily layers were geparated ard a product boiling
to 100° wae distilled from esch layer. The oily residue boiling ebowe 100°
was repagtadly extracted with 10f NsOE. The obtained phenclates were
extracted with ether to fres them from ths alightly alkeli-increassd inert
oil and washed with dilute H?S()h.,

After drying of the ether solution and removal of the ether, a mixturs
of phenols wag obtained which wae then subjected to fractionation. At 182°
tha unreasted phenol was distiiled off. The derivatives «f phenol were frac-

tionated sn the column later. The phenols weres anslyzed by the mstihod of
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aryiation (15). The cbtained crystalline aryiglyocolic seid was isoisted by
f‘mctﬂ.@zga?. erystallization.

In the course of the work it was establiished that atter 18 hours of
operation the catalyst lost almost 30 of its activity., Such demativation
of the catalyst is probably caused by deposits of oily residues and carbon
o its surface, as s result of which the surface of the catalyst becomes
inaccesaible to the reacting substances. In all experiments after § hours

| of operation ths catalyst wae regenerated by blowing air at & temperature of
350° through the reaction tube. After 18 hours of operation a fresh portion
of catalyet wvas placed in the reaction tudae.

Freshly diatilled, dried phencl and distilled methyl alechcl served as
starting materials,

Aliylation at 350°. Starting mixture: 1365.L g. of phemol, 7L6 g. of
wothyl ahoﬁnln After separation of the inert produsts and umreacted phenol,
38 g. of phenolis product with b. p. 182-210° and 159 g. of imert oil boiling

in range of 152-250° were obtuined, As a result of fractionation onm a column,
11.5 g. of a fraction with b. p. 187-186° was 1solatsd from the phenclic wix-
ture. The srylglyvolic acid obtained from part of the fraction after recrys-
tallizetion had & m.p. of 151-152° whish corresponds to the melting point of
o-cresoxyscetic goid (according to the literature, 152°), |

From the insrt oll there wers isclated:

1) Antsole (L8.5 g): b.p. 1559, n’B 1.5162, d 28 0.988% .

Found: M.W.108, 109.5. C7HBOQ Caloulated: M.W. 108
2) o-Mathylenisole {11g): b.p. 170-172°, n 3 1.5190, dzﬁ 0.9850.

Fowd: MW, 122, 125, C,H 0. Caloulated: M. 122,
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3) Hexamethyibenszens (L. 8g) <w lonp' noedles, m.p. 16h=166 {aceording

to the Iiterature, 166°).
Found: MW, 161, 165. CL’@HIBQ Caloulated: M. W, 162.

The gaseous products of the reaction sentained 12 1Y 4 H 51 32% (;0 . 10.8% co,
9.2% € By,
Alkylstion at 420°. Starting mixture: 305 g. of phenol, 62’; . of methyl
alachol. After semration of the inert produrte and unreacted phemcl, 36 g of
@« phenolic mixturs with a b.p, of 182-22,° uas obtained. As a result of fric-
tionation of the mixture, two fractions were isclated in which the presence of
isomsric cresols wes proven. The 189-191° fructiom (6 g) contained a-cresol.
The melting temgerature of the obtained urylglysolie acid was 151-152° {accord-
irg to the literature, 152°). The 200-203° fraction (2.8 g) contained m-cresol.
The melting temperature of the arylglycolic acid was 100-103° which corresponds
to the melting temperature of m-cresoxyacetic scid (according to the literaturs,
1039).

investigation of the imert ofl (128 g} indicated that it contained snisole
62 g), o-methylaniscle (7.5 g} and hexemethiylbenzens {7 o).

Aikylation at 5007, Starting mixture: 305 g of phenol, £23 g of methyl
#lochol. After preliminary treatment of the condensate, 105.5 g of & mixture
of aliylated derivatives of phenol with b.p. 182-233° und 12 g of phemols with
b.p. above 2337 were cbtained. As & result of analysis of the phenolic mixture,
the presence was eatablished of s smmll quantity of owcresol (welting tempera-
ture of cbteined o-cremoxyacetic meid, 151-152%) and 1, 5’=~dinsthy1phemol {melting
temperature of cbtained aryliglynolic acid 84-86°),

The iwert oil (88 g) contained aniscle ¢28.5 g), o-methylunisoie {7 g)
and hexsmsthylbensene (1.2 g).
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Conve lusions
R P I B A

A mixture of methyl alcobol with phencl at 320-500° over a matursl slumo-

wiiieate catalyat - guebrin ¢liny - produres alkylated derivatives of phenoi

ot ineet produsts. O- and m-cresal ard 3,5-dimethylphencl were isolated,

The inert preducts of the reaction contain snisanle, o-methylanisocle avd

hexassthyibenzene .
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